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(54) Antenna system for a motor vehicle 

(57) A concealed antenna system (16) for a motor 
vehicle (10) including a first antenna element (18) 
mounted on a first window (20), or panel, of the vehicle 
and at least a second antenna element (30) mounted on 
a second window (19). or panel, of the vehicle. The first 
antenna element (18) includes a conductive line (22) 



and a conductive loop (26) connected to one another. 
The first and second antenna elements are connected 
to one another in series by a wire (32) between the loop 
(26) on the first antenna element (18) and a conductive 
portion of the second antenna element (30). 
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Description 

The present invention relates to antenna systems 
used on motor vehicles and more particularly to 
antenna systems in which concealed antennas are 
employed. 

Conventional fixed mast antennas mounted to and 
extending from vehicle bodies have generally been 
known to provide adequate gain for receiving radio sig- 
nals. However, these antennas have drawbacks in that 
they are generally unsightly and also are vulnerable to 
bending and breakage. Concealed antennas, on the 
other hand, do not have the drawbacks associated with 
the conventional antennas in that typically they are flush 
mounted directly to a glass panel or an isolated section 
of sheet metal in the vehicle. 

Nonetheless, concealed antennas do generally 
encounter a problem in that they are generally config- 
ured small in order to fit onto a particular window or 
body panel. This can be particularly true for some vehi- 
cles in that there may only be a very few small panels, 
such as windows or isolated body panels, available 
given the shape of the particular vehicle. Thus, these 
surfaces may be small relative to the wavelengths of the 
signals one wishes to receive. For example, signals in 
the AM frequency band. For these antennas, then, a 
concern arises with having good reception in the AM 
frequency band because of a lack of low frequency gain 
due to the small size of the antenna. To account for this, 
the systems generally require the use of an AM ampli- 
fier module to get sufficient gain to overcome cattle and 
mismatch losses and still have an adequate signal. 

While some have attempted to overcome this con- 
cern by mounting concealed antennas on multiple sur- 
faces of the vehicle, they are generally more complex 
than desirable or require other amplification, filtering or 
switching components to provide enough gain for an 
adequate signal in the frequency ranges desired. 

Thus, a simple, concealed antenna system is 
desired that will provide adequate gain for both high and 
low frequencies, with the flexibility to configure the sys- 
tem for various vehicle designs. 

In its embodiments, the present invention contem- 
plates an antenna system for a motor vehicle. The 
antenna system includes a first and a second panel, 
with the panels being electrically isolated from the vehi- 
cle. A first antenna element is mounted on the first panel 
and includes a first conductor shaped as a generally 
vertical line and a second conductor generally shaped 
as a loop, with a first node connecting the first conductor 
and the second conductor, and with a second node on 
the second conductor, spaced from the first node. A 
second antenna element is mounted on the second 
panel and includes a third conductor having a third 
node. Also, the antenna system includes a conductive 
member extending between the second node on the 
first antenna element and the third node on the second 
antenna element such that the first and the second 



antenna elements are connected in series. 

The present invention provides antenna elements 
which can be concealed in the windows or isolated pan- 
els of a vehicle. The overall gain of the antenna system 

5 is increased by coupling the multiple antenna elements 
in series such that good radio frequency reception is 
possible for a broad range of frequencies. 

An advantage of the present invention is that it pro- 
vides multiple aperture coupling of antennas for 

10 increased antenna gain at low radio frequencies while 
not interfering with gain at higher frequencies, without 
the need for a low frequency amplifier. 

An additional advantage of the present invention is 
that the multiple antenna elements can be coupled 

15 together without the need for components that isolate 
the higher radio frequencies between antenna ele- 
ments, thus improving lower radio frequency reception 
without degrading higher radio frequency reception. 
The invention will now be described further, by way 

20 of example, with reference to the accompanying draw- 
ings, in which: 

Rg. 1 is a schematic perspective view of a vehicle 
with the antenna system of the present invention: 
25 Rg. 2 is a schematic view of two of tiie vehicle win- 
dows of Fig. 1 ; 

Rg. 3 is a schematic view similar to Fig. 2, illustrat- 
ing a second embodiment of the present invention; 
Rg. 4 is a schematic view similar to Fig. 2. illustrat- 
30 ing a tiiird embodiment of the present invention; 
and 

Rg. 5 is a schematic view similar to Fig. 2, illustrat- 
ing a fourth embodiment of the present invention. 

35 A first embodiment of the present invention is illus- 
trated in Rgs. 1 and 2. A vehicle 10 includes a radio fre- 
quency (RF) reception device 12, such as a 
conventional AM/FM radio mounted tiierein. Connected 
to an antenna input for this device 12 is a coaxial cable 

40 14, which extends, preferably concealed, within the 
body of the vehicle 10 back to a multiple aperture con- 
cealed antenna system 16. The vehicle includes a rear 
window 19, a right side rear window 20 and a left side 
rear window 21 on which the antenna system 16 can be 

45 mounted. 

For this first embodiment, the antenna system 16 
includes a first antenna element 18 mounted on tiie 
right side rear window 20. The first antenna element 18 
is affixed to the glass 20 by known techniques, which 

50 will not be discussed further herein. The first antenna 
element 18 includes a single, generally vertical conduc- 
tive line 22 connected at a node 24, at about the top 
centre of the window 20, to a conductive loop 26 that 
extends around the periphery of the window 20 just 

55 inside of the edge. The coaxial cable 1 4 connects to the 
node 24 and includes a ground 28 at this location. 

This first antenna element 1 8 will act as the primary 
antenna for reception of RF signals, with the single con- 
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ductive line 22 for the higher RF rec^tion (FM band). 
On the other hand, the loop 26 is a high impedance at 
frequencies in the FM band and increases the effective 
receive aperture for frequencies in the AM band. The 
FM perfonnance of the first antenna element 18 has 
generally good omnidirectional FM gain patterns but the 
AM gain on the side window 20 alone is generally inad- 
equate and thus needs inrprovement. 

By coupling a second antenna element 30, with its 
own effective receive aperture, to the first antenna ele- 
ment 18. the AM gain is improved. For this embodiment, 
a wire 32 is connected between a second node 34 on 
the loop 26 of the first antenna element 18 and a node 
36 on an otherwise conventional defroster grid 38, 
mounted on the rear window 19. The wire 32 can also 
be a coaxial cable if so desired, but not necessarily 
since an advantage of the present invention lies in the 
fact that just a wire can be used, which is much simpler 
to route within the vehicle 10 than a coaxial cable. The 
defroster grid 38, connected in series as described 
below, will now act as a secondary antenna element for 
AM reception, coupled to the first (primary) antenna ele- 
ment 18, 

The second node 34, that acts to couple the two 
elements together, is at some distance I around the loop 
from the antenna feed point location (i.e., the first node 
24). For this system, I is determined so that the wire 32 
attaches to a high impedance point on the first antenna 
element 18, thereby having a minimal effect on the FM 
gain performance of the single vertical line 22. Gener- 
ally, the distance I between the two nodes is determined 
to be about a quarter of a wavelength or less at FM fre- 
quencies, (e.g., about 76 - 108 MHz). This quarter 
wavelength is dependent upon antenna design and slot 
characteristics between antenna and body sheet metal. 
This distance is also dependent on how the antenna is 
shaped, and so may be different for antennas having a 
different shape than the first antenna element 1 8. In this 
way. Inductors are not required in order to isolate the FM 
frequencies from the second antenna element 30. 

The wire 32 is connected to the node 36 on the 
defroster grid 38 via a capacitor 40, to isolate the first 
antenna 1 8 from the cun-ent used to power the defroster 
grid 38. A pair of inductors 42 are connected on either 
side of the grid 38, one before ground and the other to 
the lead connected to a conventional power source, not 
shown, for the defroster grid 38, in order to effectively 
isolate the defroster grid 38 from ground and from the 
power source to provide better gain and electromag- 
netic interference (EMI) immunity. 

A second embodiment is illustrated in Fig. 3. In this 
embodiment, similar elements are similarly designated 
with the first embodiment, while changed elements are 
designated with 100 series numbers. The first antenna 
element 1 8 in the right rear side window 20 is the same, 
while the second antenna element 130 is no longer cou- 
pled to the rear defroster grid 138. The second antenna 
element 130 is formed by a conductive loop traced on 



the rear window 19 around the defroster grid 138. This 
better isolates the antenna assembly 116 from the 
defroster grid 138, but requires the additional trace on 
the rear window 19. The defroster grid 138 may still be 
5 coupled to the inductors 142 to provide better gain and 
EMI immunity, but are not necessary for this embodi- 
ment 

A third embodiment of the present invention is illus- 
trated in Fig. 4. In this embodiment, similar elements are 

10 similarly designated with the first embodiment, while 
changed elements are designated with 200 series num- 
bers. In this embodiment the left side rear window 21 
has a conductive trace of a loop printed on it to act as 
the second antenna element 230. The wire 232 now 

15 extends across the vehicle to couple the second 
antenna element 230 in series to the first antenna ele- 
ment 18. The point at which the wire 232 connects to 
the second antenna element 230 is generally chosen to 
be the most convenient assembly location. This second 

20 antenna element 230 performs the same function as the 
second antenna elements in the first and second 
embodiments, but may be more conveniently located for 
a particular vehicle design. A single loop is shown on 
the left side rear window 21 , but, if desired, additional 

25 horizontal or vertical lines can be added to further 
Improve the gain of the antenna. 

In a fourth embodiment of the present invention, as 
illustrated in Rg. 5, both the rear window 19 and the left 
side rear window 21 are used as antenna elements. In 

30 this .embodiment, similar elements are similarly desig- 
nated with the first embodiment, while changed ele- 
ments are designated with 300 series numbers. The 
second antenna element 330 is connected in series 
with the first (still primary) antenna element 18 on the 

35 right rear side window 20 by the wire 332. This arrange- 
ment is generally the same as in the second embodi- 
ment, as discussed above. Further, a third antenna 
element 50, located on the left side rear window 21 is 
connected in series to the second antenna element 330 

40 by a second wire 52. By having an additional antenna 
element connected in series, the aperture of the entire 
antenna system 316 is further increased, although the 
cost of the system also increases. This third antenna 
element 50 is shown as just a loop, but again, it can 

45 have additional horizontal or vertical lines. And. as dis- 
cussed above, the second wire 52 can also be coaxial 
cable, but this is not necessary, as discussed above. 

As a further alternative, the antenna elements can 
be mounted on isolated sheet metal or composite com- 

50 ponents and will produce results of the overall system 
similar to the glass mounted elements as discussed 
above. For example, a composite trunk lid, lift gate, etc. 
can be used for mounting an antenna element. 

55 Claims 

1 , An antenna system for a motor vehicle comprising: 
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a first and a second panel (20). with the panels 
being electrically isolated from the vehicle; 
a first antenna element (18), mounted on the 
first panel (20). including a first conductor (22) 
shaped as a generally vertical line and a sec- s 
ond conductor (26) generally shaped as a loop, 
with a first node (24) connecting the first con- 
ductor (22) and the second conductor (26), and 
with a second node (34) on the second conduc- 
tor (26), spaced from the first node (24); io 
a second antenna element (30). mounted on 
the second panel (19), including a third con- 
ductor (38) having a third node (36); and 
a conductive member (32) extending between 
the second node (34) on the first antenna ele- 15 
ment (18) and the third node (36) on the sec- 
ond antenna element (30) such that the first 
and the second antenna elements (18,30) are 
connected in series. 

20 

2. An antenna system as claimed in claim 1 , wherein 
the first and the second panels are windows of the 
vehicle. 

3. An antenna system as claimed in claim 2, wherein 25 
the second panel Is the rear window and includes a 
heating conductor grid, with the second antenna 
element electrically isolated from the heating con- 
ductor grid. 

30 

4. An antenna system as claimed in claim 3, further 
including a third electrically isolated panel and a 
third antenna element mounted thereon, with the 
third antenna element including a fourth conductor 
having a fourth node; and with the antenna system 35 
further Including a second conductive member 
extending between the fourth node and the second . 
antenna element. 

5. An antenna system as claimed in claim 3, wherein 40 
the heating conductor grid includes a grid portion, a 
power source for the grid portion and a ground, with 

a first inductor connected between the power 
source and the grid portion and a second inductor 
mounted between the grid portion and the ground. 45 

6. An antenna system as claimed in claim 3, wherein 
the first conductor is sized to receive radio frequen- 
cies in an FM band range and the first node is 
spaced from the second node a distance along the so 
second conductor of about I, where I is generally 
one quarter of a wavelength at the FM band fre- 
quencies. 

7. An antenna system as claimed in claim 2, wherein 55 
the second antenna element comprises a heating 
conductor grid and the conductive member 
includes a capacitor mounted between the second 



node and the third node. 

8. An antenna system as claimed in claim 7. wherein 
the heating conductor grid includes a grid portion, a 
power source for the grid portion and a ground, with 
a first inductor connected between the power 
source and the grid portion and a second inductor 
mounted between the grid portion and the ground. 

9. An antenna system as claimed in claim 1. further 
including a third electrically isolated panel and a 
third antenna element mounted thereon, with the 
third antenna element including a fourth conductor 
having a fourth node; and with the antenna system 
further including a second conductive member 
extending between the fourth node and the second 
antenna element. 

10. An antenna system as claimed in claim 1, wherein 
the first conductor is sized to receive radio frequen- 
cies in an FM band range and the first node is 
spaced from the second node a distance along the 
second conductor of about I, where I is generally 
one quarter of a wavelength at the FM band fre- 
quencies. 
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